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ABSTRACT
Most species of lizards control their thermoregulation through certain behaviours. This
can include basking under the sun and moving into shade, changing body position in relation to
the sun and moving to shaded regions. In this project I observed two different Sceloporus
malachiticus lizard groups to evaluate their thermoregulatory behaviours. I evaluated the aspects
of body, substrate and air temperatures, behaviour and flight distances for both groups. My
results showed that while air and substrate temperatures were significant factors in the lizard’s
thermoregulation, substrate temperatures played a stronger role. Furthermore, lizards showed
increased activity earlier in the mornings and exhibited resting behaviours through most of the
days. There was no significant correlation found between flight distance and body temperature.
Comportamiento termorregulatorio de la lagartija Sceloporus malachiticus
RESUMEN
La mayoría de las espécies de lagartijas controlan su termoregulación a través de
determinados comportamientos. Estos incluyen asolearse y ponerse a la sombra, cambiar la
posición de sus cuerpos con relación al sol y moverse a sítios sombreados. En este estudio,
observé dos grupos de Sceloporus malachiticus para evaluar sus comportamientos de
termoregulación. Evalué en los dos grupos la temperatura de cuerpo, la temperatura del aire y del
substrato, así como sus distancias de escape (conocidas en la literatura como “flight distances”).
Mis resultados muestran que tanto las temperaturas del aire y del substrato son fatores
significativos en la termoregulación de estas lagartijas, pero que el substrato es más importante.
Las lagartijas mostraron un aumento de actividad en horas más tempranas y descansaron la
mayor parte de las tardes. No hubo una correlación significativa de las distancias de escape y la
temperatura corporal.

Ectotherms rely on their environment to perform their daily activities and maintain body
temperature. Their body temperatures dictate their behaviour and physiology (Diele-Viegas et
al., 2018). Thus, maintaining a certain body temperature range is an essential part of the survival
of both ectotherms and endotherms (Diele-Viegas et al., 2018). Organisms need to actively
maintain their body temperature within a determined range, typically done through basking
behaviours in the sun, or being in contact with warm surfaces such as rocks (Diele-Viegas et al.,
2018). Thus, thermoregulation is a behavioral response and understanding its mechanisms is
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important to ensuring the survival of species and ecological balance. This is key because with the
pressures exerted in ecosystems by climate change, there is a potential for the loss of many
species of reptiles and amphibians that might not adapt to different environmental temperatures.
Lizards carry out their daily activities according to the particular habitat they live in.
Their morphology and behaviour have been carefully selected for life in specific climates and
types of habitats. All animals must have their body temperatures within a certain range (Purves et
al., 2003). Thus, evolution has shaped different ways to achieve those optimum body
temperatures - either through internal regulation or through the dependence on external heat
sources such as the sun. Lizards depend on external factors to regulate their body temperature.
Furthermore, each species will utilize the different heat sources available in different intensities
to meet their thermoregulatory needs (Rocha et al., 2009). They may also choose to change their
body orientation in relation to the sun, to manage their temperature.
Many animals will avoid potential predators by fleeing at a given distance from them.
This is commonly known as the animal’s flight distance, the critical distance from which an
animal will flee (Rocha & Bergallo, 1989). This behaviour has been shown to be influenced by
various factors such as body temperature and size (Rocha & Bergallo, 1989). Specifically, flight
distance in lizards has been shown to be inversely correlated to body temperature. (Rocha &
Bergallo, 1989). When approached by predators, animals have to consider the trade-offs between
remaining immobile or fleeing. Fleeing has high energetic costs, whilst remaining still may result
in being preyed upon (Ydenberg and Dill, 1986).
Savage, 2002 provides excellent description and detail on the life and natural histories of
the lizard Sceloporus malachiticus. These are relatively small lizards (standard length between
67-98mm in males, and 64-94mm in females) with bright turquoise colorations that can change
considerably depending on body temperature. These lizards can be usually be found in open,
sunny areas ranging from premontane to subalpine habitats. This wide elevational range is not
common among lizards, and can potentially be an advantage for this species in the face of global
warming. In Costa Rica, they are commonly found between 600-3200m, along both central
oriental and central occidental areas of the country. Because they are heliotherms, S.
malachiticus depend on the sun to meet their thermoregulatory requirements. Thus, basking is an
important part of their behaviour. Ideally, individuals will bask in the morning until they reach a
certain temperature that will allow them to perch in the shade and forage for food. This species
can be found both on the ground or on higher surfaces such as walls or tree trunks. This is a
viviparous species that consumes mainly arthropods, with a special taste for insects. In elevations
lower than 1500m mating has been observed to be seasonal, but in higher elevation mating can
happen year-round. Lizards in lower elevations have been found to reach maturity at around 8-9
months of age, while individuals of higher elevations typically reach maturity at 18 months. This
significant difference reveals how temperature and elevation can influence an organism’s life.
The questions I investigate are (1) how does body orientation in relation to the sun, lizard
activity and body temperature vary throughout the day? (2) is there a relationship between the
direction of the sun and lizard position on the substrate? and (3) Does body temperature
influence flight distance exhibited by S. malachiticus?
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MATERIALS AND METHODS
I did this study during the month of May of 2018. I looked at lizard behaviour as well as
each individual temperature and substrate and air temperature every 15 minutes from 8am until
all lizards went back to their holes at the Estación Biológica and at the Monteverde Institute. I
recorded basking behaviours related to body orientation on the substrate and the body, air and
substrate temperatures at that time of day. I collected data for four days at the Estación Biológica
and for three days at the Institute. With that, it was being possible to determine the individual's
body temperature variations and analyze the behaviours performed according to their
temperatures. I also recorded the flight distances of 8 different S. malachiticus. Flight distance
was measured by slowly approaching an individual and recording the distance from it to myself
at the moment it flees. Regression analyses using the program JMP were used to analyze the data
obtained.
The temperatures of both lizard and substrate were recorded using a temperature gun
(Extech Instruments, model 42540A) from the EAP lab at the Estación. Emissivity was set at
0.90 when recording temperatures of wood, 0.98 when recording the surface temperature of the
lizards, and 0.94 when recording temperatures of rocks. Air temperature was recorded using a
standard thermometer placed within a range of 10 meters from the observed individuals. I
measured lizard flight distances to the nearest centimeter using a 50-meter measuring tape and
the lizard’s initial position in relation to the observer’s position when lizard begins to flee. I
recorded flight distance data on 8 different individuals every time one was spotted. Due to heavy
rains and lower air temperatures, there were not many individuals out of their nests and thus it
was not possible to gather the desired amount of data. However, the data gathered should give an
idea of their fleeing behaviour.	
  
	
  
	
  
RESULTS
S. malachiticus body temperature was positively correlated with environmental
temperatures (air and substrate), as shown in figures 1 and 2. Substrate temperatures appear to
be, however, a bigger source of heat in both the Estacíon and the Institute populations. All
individuals observed throughout the 8 days of data collection varied their body orientation
throughout the day according to heat gain due to direct contact with the sun, or the lack of it.
Individuals were notably more active earlier in the morning compared to after mid-day. Body
temperature variation recorded every 15 minutes correlated with changes in behavior. Individuals
seem to be more active once they bask and reach temperatures above 25⁰C. Between 9am and
11am is when they forage more frequently. However, they do not seem to leave the boundaries
of their territories very often. They will typically forage for passing insects rather than go out of
their way to hunt for food. This is a strategy that can help them save their energy.
Behavioral categories for data recording were as follows:
 Basking; when the lizard exhibited basking behaviours whilst directly under the sun when
recorded;
 Basking/foraging, when lizard exhibited basking behaviours under the sun but was also
seen catching insects that were flying by;
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 Foraging, when individual was seen actively moving around its territory or beyond and
catching insects;
 Active, when individual was seen moving around but not foraging, or doing “push-ups”,
or even chasing another individual;
 Resting, when lizard presented basking behavior but was not under direct sun, or
completely shaded.

Figure 1. Relationships between substrate and body temperatures (A) and between air and body
temperatures (B) of S. malachiticus at the Estación Biológica. The pink line represents the
regression line (substrate vs body temperature, 0.965x + 0.51R² = 0.931, p<0.0001; air vs body
temperature, 1.53x + -5.15R² = 0.397, p<0.0001).
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Figure 2. Relationships between air and body temperatures (A) and between substrate and body
temperatures (B) of S. malachiticus at the Monteverde Institute. The pink line represents the
regression line (air vs body temperature, 0.246x + 20.1R² = 0.012, p<0.5352; substrate vs body
temperature, 0.943x + 1.23R² = 0.926).	
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Figure 3. Figure 3. All body temperatures of individuals at the Estación Biológica (A) and at the
Monteverde Institute (B), recorded every 15 minutes along the day throughout 4 days.
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Figure 4. Figure 4. Percentage of lizards observed during hourly intervals that were assigned to
the behavioural categories of basking, basking/foraging, resting, foraging and active.
Individuals were significantly more active in the mornings, with a preference for foraging
before 11am. They exhibited resting behaviours throughout most of the day, which is an efficient
way to conserve energy. At the Monteverde Institute, the time-period between 9am and 10am
showed significantly more foraging activity. Figure 3(B) showed that the same time period has
the highest body temperatures, indicating that these lizards prefer to forage after reaching body
temperatures higher than 25⁰C. The lizards at the Estación reached higher body temperatures
faster than the Monteverde Institute population and thus showed higher foraging or activity in the
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Figure 5. Figure 5. Body orientation observations recorded every 15 minutes at the Estación
Biológica (A) throughout 4 days and at the Monteverde Institute (B) throughout 3 days. There
were 8 possible body positions assigned and they were numbered 1 through 8
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Figure 6. The 8 possible body orientation positions recorded. Horizontal, vertical and diagonal
orientations had numbers assigned to them according to the direction that the lizard’s head was
pointing at. 1 represents horizontal facing right; 2 represents diagonal facing up towards the right
side; 3 is vertical facing up;4 is diagonal facing up towards the left side, and 5 represents
horizontal facing left. 6,7 and 8 represent the same logic, except facing down instead.
A clear pattern that could correlate specific times of day with a determined body position
was not found. Horizontal positions (1 and 5) were the most common prior to 12pm, and in the
afternoon a diagonal position facing up towards the left side (4) were adopted more often.
Vertical positions (3 and 7) were also frequent in the mornings. Body orientation positions were
recorded as 8 different possibilities, as shows figure 6, below.
Body orientation did not show a general trend, but lizards were observed reducing contact
with the substrate through extending their arms and lifting their heads whilst remaining in the
same positions. This indicates behaviors to control their body temperature, such as avoiding
overheating.
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Figure 7. Correlation between body temperature and flight distance of S. malachiticus at both the
Estación Biológica and Monteverde Institute. The pink line shows the regression between both
variables (-10.6x + 377 R²= 0.11, P < 0.2478).

The regression analysis of the flight distance data did not show a significant relationship
with body temperature. The sample size is very small which could have skewed the results.

DISCUSSION
The data shows that although S. malachiticus is a heliotherm, substrate temperatures play
an important role in their heat gain. The substrates they were found on (wood and rocks) can heat
up quickly in the morning and provide temperatures warmer than the air, which thus help
individuals maintain or even gain heat by contact. From observations, after basking in the sun for
more than one hour, individuals would usually continue basking but with their arms extended
and their heads up. Body temperatures of heliotherms is usually obtained through behavioral
mechanisms, which is known as active thermoregulation (Rocha et al., 2009). Both studied
groups of lizards showed behavioral changes to better conserve their temperatures. These
behaviours included extending their arms and lifting their heads to have less surface contact to
avoid overheating, or by changing their coloration throughout the day. Darker colors may help
increase body temperature, whilst lighter and perhaps more reflective colors may help avoid
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overheating. Their color variation, however, was not a variable and was not included in this
study, but it was possible to observe it.	
  
Substrate temperatures at both study sites explained the body temperatures recorded for
S. malachiticus (R²=0.931 and R²=0.926). However, air temperature only explained the body
temperatures recorded at the Estación (R²=0.397) but did not explain those at the Institute
(R²=0.012). This result could be explained by different factors. At the Estación, lizards occupied
higher perching sites (on the wooden wall of the front of the Estación) than those at the Institute
(generally on the rocks at the entrance), which determines different microclimatic conditions for
both species. It is likely that the wooden walls of the Estación maintain a higher temperature than
the substrates at the Institute throughout the day. Air temperature and weather were significantly
worse during data collection days at the Institute, which can naturally change body temperatures
and behaviours of the lizards. Nevertheless, this seems to be a species with high plasticity in the
use of perching sites, as well as one with a wider range of body temperatures it can adapt to
(Savage, 2002). Body temperatures of lizards at the Estación appeared to be relatively constant,
with its highest peak (38⁰C)	
  at around 9am. At the Monteverde Institute, body temperatures were
more variable, and its highest peak was at 10am. During half of the days of data collection
(mostly at the Institute) there was a lot of rain and it was very cloudy. This could be a reason for
such variability with not an apparent trend in body temperatures throughout the day.
At the Estación Biológica, the sun would hit the front wall throughout the morning until
around 10:45am, when some areas of the wall would begin to have shades. On sunny days at the
Institute, the sun would directly hit the entrance rocks until the afternoon, but due to weather
conditions it was mainly present in the early mornings. Sites at both the Estación and the
Monteverde Institute are favorable for thermoregulation in the lizards. The Southeast wooden
side of the second floor of the Estación receives direct morning sun and shade. The Institute has
open, rocky areas that also receive sunlight. Although these locations differ in elevation and
some key aspects, they both contain sites that provide good living sites for the lizards. I did not
find significant correlation between the change in body orientation throughout the day and lizard
body temperature. This could be due to a relatively small data sample, but also it could be that
this species does not necessarily present the behavior of changing its body position after reaching
certain temperatures. Thus, there was no significant relationship between the direction of the sun
and lizard position on the substrate. Rainy days could have influenced lizard behavior due to the
lack of sun. Perhaps the results would have been different if there was sunny weather during data
collection. The lizards I observed were mostly active during the morning, and would usually hide
inside their holes if it got very misty or started raining.
Body temperature did not show an influence on flight distances. It is typical for lizards to
present longer flight distances earlier in the morning when they have lower body temperatures
and reduce the flight distance as they get warmer (Rocha et al., 2009). The individuals at both
the Estación and the Institute would remain immobile while monitoring the predator’s approach
(me being the “predator”) and then would flee when they would consider me to be too close to
remain safely immobile. This behaviour relates to the economic escape theory, a graphical model
of escape published by Ydenberg and Dill (1986) which represents the trade-offs between the
energetic costs of fleeing and predation risks that animals have to consider when approached.
The cost of not fleeing can be a potential lower fitness through injury or death result, whilst the
cost of fleeing is energetic and will depend on the distance the predator is from the prey. Both
groups of S. malachiticus studied remained close to their holes at all times. It was thus easy to
hide or escape from a predator without needing to run long distances. This could be a reason
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why, despite body temperature, some individuals chose to flee at distances greater than 100cm as
indicated by figure 7. Furthermore, figure 7 shows that there is a general trend towards
decreasing flight distance with increasing body temperature. Thus, if the data set was larger,
there could be a positive correlation.
It would be interesting to further investigate this species’ thermoregulatory behavior for
extended periods of time throughout the year. This would provide a more comprehensive
understanding of how this species controls its body temperature and daily activities.
Furthermore, a bigger and longer study on their flight distances could provide much insight on
evolutionary behavioral traits acquired by the species. The choice of remaining immobile and
risking predation or fleeing and expending energy is an extremely interesting area of behavioral
evolution, and this species is a good study subject for it.
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